a,y-Diketo Acids and Esters, Amino Acid Antagonists, Enol Forms, X-Ray Structure X-ray structural analyses of two a,y-diketo esters and one a,y-diketo acid, which are amino acid antagonists, have shown them all to be present in the solid state in the a,ß-unsaturated y-keto enolic form. The structures of the esters /3-acetyl-pyruvic acid methyl ester (1) and 2-oxo-cyclopentyl-glyoxylic acid ethyl ester (3) are stabilized by intramolecular O---H(-O) hydrogen bonds involving the enol proton. In the case of camphor oxalic acid (4) an intramolecular O --H-O hydrogen bond between the y-keto oxygen and the acid proton is observed. The bond lengths and angles in 1 indicate a significant contribution from the mesomeric ß,y-unsaturated enol form. For comparison purposes the structure of the y-enol methyl ether of 1, (4-methoxy-2-oxo-pentene)carboxylic acid methyl ester (2) has also been determined. The X-ray structures of the cyclization products of respectively an a,y-diketo acid and an a,y-diketo ester are reported.
Introduction
It has been recognised for more than two decades that y, (5-and d, £-unsaturated a-amino acids, which have been isolated from biological sources, can inhibit the growth of certain microorganisms. More recently, ß, y-unsaturated amino acids have also gained in significance as amino-acid antagonists. Rando has demonstrated that the inhibitory effect of L-2-amino-4-methoxy-£rans-3-butene-carboxylic acid and vinylglycine is based on an irreversible obstruction of the aspartate transaminases [1] .
We have recently demonstrated that some a, ydiketo esters (e.g. 1) and their enol ethers (e.g. 2) are also amino acid antagonists [2] .
Rando for ß, y-unsaturated acids. *H and 13 C NMR studies indicate that 1 is entirely present in an enolic form in chloroform and acetone. It may, therefore, be assumed that the following mesomeric forms of 1 are of significance. 
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The alternative enolic structure is that of lb, an a, ^-unsaturated y-keto ester. This latter form would, a priori, be expected to be preferred as it offers the possibility of a more extended conjugated system. Both enolic forms la and lb may be stabilised by an intramolecular OH... 0(=C) hydrogen bond, in the case of 1 b to either the y-keto or the carboxy O atom (lb'). In order to establish which tautomeric form is preferred in the solid state by a, y-diketo acids and esters we have carried out X-ray structural analyses on 1 and on two further derivatives the ester 3 and the acid 4 [2] , both of which are also amino acid antagonists. In these derivatives, the ß-and y-C-atoms are members of ring systems. In 4 the acid proton may potentially form an intramolecular hydrogen bond to a y-keto function. For comparison purposes the structure of the enol ether 2 has also been determined.
The preparation of 2-oxocyclohexyl-glyoxylic acid (5 a) from cyclohexanone and oxalic acid was reported in 1906 by Kötz and Michels [3] . We have attempted to synthesise 5 a by this method, in order to test it for antibiotic activity, but although the elemental analysis was in accordance with the formulation CgHioCU, the spectroscopic data indicated that, in fact, a cyclisation had occurred [4] . An X-ray analysis, which is reported in the present work, established the structure as 5, 1,7-dihydroxy-9-oxabicyclo[4.3.0]non-6-en-8-one. No antibiotic activity could be detected for 5.
i^y^cooH Sa A cyclisation reaction was also observed upon attempting to synthesise 6 a from oxalic acid diethyl ester and o-hydroxypropiophenone [4] . The cyclisation product 6, (2-hydroxy-3-methyl-4-oxo-2-chromane)carboxylic acid ethyl ester, was obtained Table I . Crystal and refinement data. 
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An X-ray analysis was performed on 6, in order to establish the relative configuration of the methyl and hj droxy substituents in the six-membered ring.
Experimental
As low melting points of respectively 63, 19-20 and 27-28 °C are observed for compounds 1, 2 and 3, it was necessary to carry out their intensity data collection at -120 °C. Manipulation and mounting (5) 0(5)' 1.2798(6) 0.0457(9) 0.1123 (7) 47 (4) 0(6) (8) 41 (2) 0(1) 0.1401(2) -0.0143(1) 0.8337 (5) 34 (1) 0(2) 0.2574(3) -0.0004(2) 0.7563 (7) 29 (2) 0(2) 0.3189(2) -0.0447(1) 0.5850 (5) 40 (1) 0(3) 0.3057(3) 0.0794 (2) 0.9039 (6) 29 (2) 0(3) 0.2257(2) 0.1219 (1) 1.0773 (5) 39 (1) 0(4) 0.4239(3) 0.1040 (2) 0.8568 (7) 31 (2) 0(5) 0.4672(3) 0.1818(2) 0.9880 (7) 33 (2) 0(5) 0.3976(2) 0.2260(1) 1.1565 (5) 41 (2) 0(6) 0.5952 (4) (3) 0(2) 1.1797 (7) 0.1991(11) 0.0084(8) 32 (5) 0(2) 1.2629(6) 0.1572(11) 0.1361 (7) 53 (4) 0(3) 1.0162 (7) of crystals of 2 and 3 were performed at ca. 0 °C using techniques which we have described previously [5, 6] . Crystal and refinement data are summarised in Table I '. Blocked refinement was also employed for 2 which crystallises in the non-centrosymmetric space group Pna2i. For the remaining derivatives full-matrix least-squares refinement was performed. Zw A 2 was minimised. Anisotropic temperatures factors were introduced for all nonhydrogen atoms. With the exception of the disordered compound 3, for which no attempt was made to locate or geometrically calculate their positions, H atoms were included in the final cycles. For 2 the methyl functions were refined rigidly with group isotropic temperature factors for the protons. All other H atoms were refined freely with individual isotropic temperature factors. Weights were given by w = K [a 2 (Fo) + gFo 2 ]" 1 - Table II lists the final coordinate for the non-hydrogen atoms with equivalent isotropic temperature factors Ueq = 1/3 SiSjUjjai*a.i*ä1 • äh Table III lists . It may, therefore, be inferred that there is a significant degree of resonance between the a/9-unsaturated and ßy-unsaturated enol forms of 1. A similar trend is observed for the C(3)-0(3) and C(5)-0(5) bonds of 3, but in this case the structural disorder leads to larger standard deviations, so that no firm conclusion may be drawn.
In view of the preference of 1, 3 and 4 for the aß-unsaturated y-keto form in the solid state, it might be supposed that the enol ether 2 would be a more effective antagonist. However, the minimum concentration required to restrict the growth of microorganisms such as E. coli MRE 600 is about 5 X 10~5 M for each of the derivatives 1-4 [2] , The energy barrier in solution between the two enol forms of the a, y-diketo acids and esters must, therefore, be assumed to be relatively low. Corroboratory evidence for this supposition is provided by the fact that a significant degree of resonance between these forms is observed for 1 in the crystalline strate.
The phenyl derivative (7) is found to be a factor of about 10 times more effective than 1-4. It could be inferred that conjugation with the aromatic ring « --H 0' \Q (fjCH^ ^OC2H5   7 system would lead to a stabilisation of the ^y-unsaturated a-keto form in this case. However, a crystal structure determination demonstrated that this derivative also adopts the a ^-unsaturated y-keto form [7] . Disorder of the structure, which leads to severe overlapping in the electron density syntheses of most of the component atoms, prevents a refinement to better than R = 0.20. The structures of the cyclisation products 5 and 6 were established by the X-ray analyses presented in this work. In 6 the hydroxy and methyl substituents of C(3) and C(4) respectively are sited eis to one another.
